Introduction
Stress fracture and stress reaction are overuse problems that, in athletes, usually occur in the lower limbs. Although this type of lesion has been infrequently described in other locations such as the sternum [18] , first rib [2, 12, 15, 19, 21] , humerus [1, 29] , ulna [3, 23] , tip of the olecranon [9, 22] , acromi-um [13] and the coracoid process of the scapula [4, 8, 30] , stress fracture of the clavicle has been reported only during surgery [7, 11, 25] , in the absence of strenuous athletic activity [17, 26] , or in poorly documented cases [27] .
Case report
A 26-year-old man with a history of three years of clavicular pain had been engaged in a traditional Catalan sport for the previous six years. In this activity, teams of athletes make human towers with up to nine levels, each standing on the shoulders of the level below them (Fig. 1) .
The first symptoms appeared at the end of the 1993 athletic season, during which he had rapidly increased his training insensity. He presented with a gradual onset of pain which had progressively worsened with activity. At that point physical examination and plain radiographs were absolutely normal (Fig. 2) . The pain disappeared during the winter off-season, and slowly began to recur in a mild form when training commenced. Thereafter, during a normal rotation movement of the shoulder, he experienced acute clavicular pain which lasted for two weeks. He was seen in our hospital three months later, at the end of the 1995 athletic season, when he reported significant pain that had forced him to decrease his level of activity. Physical examination revealed a small palpable mass and marked localised tenderness at the middle third of the right clavicle. There was no oedema or erythema, and no clinical evidence of periosteal thickening. Anteroposterior radiographs of the right clavicle showed cortical hyperostosis and sclerosis; the contralateral side was normal (Fig. 3) . Conventional tomography and computerised tomography demonstrated the same hyperostosis but there was no visible fracture. Full blood count, ESR, and biochemical screening were normal. Bone scintigraphy revealed a distinct fracture line in the delayed image phase; the blood pool phase was slightly positive while the angiogram phase was negative (Fig. 4) .
A stress fracture of the clavicle was suspected and orthopaedic protection of the shoulder and clavicle was provided. The athlete is now asymptomatic and in full training.
Discussion
Bone scintigraphy (bone scan) is 100% sensitive, with no false negatives, but it is not very specific for the differentiation of a stress fracture or reaction from other musculoskeletal abnormalities [28] . For this reason, many aetiologies must be considered in the differential diagnosis following a positive result; these include osteitis, chronic osteomyelitis, osteoma, osteoid osteoma and osteoblastoma [5] . Other rare conditions such as syphilis, Paget's disease, or malignant neoplasms can be discounted as they are not consistent with the evolution of the disorder and the results of complementary investigations [10] . A simple periosteal reaction also warrants consideration, but the clinical findings, the acute increase of the pain without previous trauma and the scintigraphic findings of diffuse non-focal periosteal uptake, mild in intensity, along the bone [31] were not seen in our patient. His scintigraphic appearances are suggestive of a stress fracture even if the process was in a subacute or healing phase [20] . A fracture was not detected by radiograph but it is known that up to 15% of patients with a positive bone scan never show radiographic changes [6] . A true fracture occurs only when the removal of the cortex is accelerated beyond the capacity of the periosteal reaction to offer adequate reinforcement. For this reason, the radiological demonstration of a fracture line is not necessary for the diagnosis of a stress fracture. In our patient, however, the bone was in the resolution phase and it was doubtful whether the changes represented a moderately severe stress reaction (Grade 2-3) of Jones classification [16] or the subacute-healing phase as described by Martine [20] . We consider that the increased activity in the whole thickness of the clavicle and the distinct fracture line noted on delayed bone scan image were suggestive of a stress fracture in the healing phase. Similar stress fractures of the ribs have been described by several authors [15, 19, 21] .
In the sport of human tower construction, the feet are placed at each side of the neck with the heels on the trapezius muscles and the tarsal bones on the clavicles. The weight pushes the clavicle down while the sternocleidomastoid, trapezius, pectoralis major, and deltoid muscles, as well as the coraclavicular and acromioclavicular ligaments, are pulled upon, stressing the point where the feet are pressing. Harrington demonstrated that the critical force for buckling the clavicle is approximately 1-3 times the body weight [14] . In human towers the pressure applied can be over 4 times the body weight and it is sustained for more than 5 minutes, 4 to 6 times a day, 2 to 6 days weekly, during the athletic season of 9 months. It is evident that these forces must be sufficiently stressful to produce a fracture. To the best of our knowledge, this is the first published example of a stress fracture of the clavicle due to athletic activity.
